Introduction
COPD is characterized by persistent airflow obstruction and is a major cause of ill health worldwide. 1 Within USA, COPD has been estimated to have annual costs of US$75 billion for a nationally representative population (4.6 million individuals) 2 and US$15.7 billion for commercially insured patients (2.9 million individuals). 3 Direct health care costs account for 39%-73% of these total costs, 4 and the major component of these direct costs is hospitalization. 2, 3 Exacerbations are also a significant contributor to COPD-related costs, as patients with COPD exacerbations have ten times the annual health care costs of patients without exacerbations. 5 However, economic costs are not the only developmental driver of more effective COPD treatments, as understanding and improving the quality of COPD care are the priorities within the US health care organizations. 6, 7 A study has shown that the quality of care of patients with COPD in a commercially insured population is suboptimal, with a substantial proportion of patients being ,80% compliant with their prescribed medication. 8 Improvement in the quality of care can be aided by the development of performance measures, which ultimately help patients achieve the best possible outcomes. 7, 8 The Centers for Medicare and Medicaid Services implemented a National Quality Foundation endorsed performance measure in 2015. 9 This involves strictly monitoring COPD-related hospital readmissions within 30 days of the first exacerbation. 9, 10 Such strategies are aimed at improving the quality of care and could potentially reduce the economic costs of COPD. 8 Therapies such as long-acting β 2 -agonists (LABAs), long-acting muscarinic antagonists (LAMAs), and inhaled corticosteroids (ICS) are central to the pharmacological management of patients with moderate-to-severe COPD, according to the Global initiative for chronic Obstructive Lung Disease (GOLD) guidelines. 1 Initiation of maintenance treatment (MT) with these agents has been shown to benefit patients through a reduction in exacerbations and hospitalizations. 1, 11, 12 However, only one empirical study to date has shown the importance of the timing of MT initiation. 13, 14 At the time of that empirical study, fewer MT options were available, and therefore it included ICS and ipratropium as MTs.
14 However, ICS and ipratropium were not recommended as MTs for patients with COPD according to the GOLD 2014 guidelines, 15 and hence not included in this study. With these changes to the 2014 guidelines, it was imperative that the timing of MT initiation was analyzed using up-to-date treatments. This study aimed to confirm and extend the previous findings by including the different range of MTs that are currently recommended for patients with COPD.
The primary objective of this study was to compare the impact of prompt (#30 days) vs delayed (31-180 days) MT initiation following a COPD exacerbation requiring hospitalization or an emergency department (ED) visit on COPD-related costs. The odds and number of subsequent COPD-related exacerbations were also assessed.
Patients and methods study design and population
This is an observational cohort study using the data obtained from a retrospective database of paid health care claims with dates of service between January 1, 2008, and June 30, 2013 . The target population consisted of patients with a COPD exacerbation, which was defined as a hospitalization with a discharge diagnosis of COPD (International Classification of Diseases-9 codes: 491.xx, 492.xx, 496.xx 16 ) or an outpatient ED visit (with a primary diagnosis of COPD) in the enrollment period (January 1, 2009 to June 30, 2012; Figure 1 ).
The index date was defined as the date of the first hospital discharge or ED visit for COPD exacerbation. A 1-year pre-index period (prior to the admission date of the index hospitalization or the date of the index ED visit) was used for the baseline assessment, and a 1-year follow-up period starting on the index date was used to evaluate the study outcomes. Patients receiving MT (which included all treatments approved for COPD: LABAs, LAMAs, methylxanthines, and combinations of LABA/LAMA/ICS and excluded ICS monotherapy and any unapproved [off-label] COPD treatments) 180 days post-index were stratified into two study cohorts. The prompt MT cohort consisted of patients with 
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Prompt maintenance treatment initiation following a COPD exacerbation a prescription fill for MT within 30 days of their index exacerbation. The delayed MT cohort comprised patients with a prescription fill for MT between 31 days and 180 days post-index. Patients were also required to be $40 years of age and continuously enrolled in a health plan during the preindex and follow-up periods for inclusion in the study.
Exclusion criteria included the use of MT prior to the index event, diagnosis of other lung diseases, and the presence of at least one claim paid under capitated cost.
Permitted non-maintenance COPD medications available by prescription were short-acting β 2 agonists, short-acting muscarinic antagonists, oral corticosteroids (OCSs), and antibiotics.
Institutional Review Board (IRB) approval and patient consent to conduct this study was not sought because the 
Data source
Data were obtained from the Truven Health MarketScan™ Commercial Claims and Encounters Database (Commercial) and Medicare Supplemental and Coordination of Benefits Database (Medicare Supplemental). The Commercial database consists of medical and drug claims data from employers and health insurance plans for more than 40 million enrollees per year. Enrollees are employees, their spouses, and dependents covered by employer-sponsored private health insurance. The Medicare Supplemental database consists of inpatient and outpatient medical and prescription claims for more than three million enrollees per year. Enrollees are retirees and their dependents with supplemental insurance plans offered by their former employers. Unique patient identifiers allowed patients to be followed longitudinally as they moved from the Commercial to the Medicare Supplemental database when claims for both were available. Patient data from both databases were pooled for these analyses.
study outcomes
All outcomes were assessed during a 1-year follow-up period from the index date. The primary end point was COPDrelated costs, which were defined as the total amount paid to all providers, insurers, and patients, for medical claims with a primary diagnosis of COPD and prescription claims for COPD-related MT and non-maintenance medication, standardized to 2013 USD using the medical component of the Consumer Price Index.
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The secondary end points were COPD-related exacerbations and the components of COPD-related medical costs. COPD-related exacerbations were defined as an event resulting in 1) hospitalization with a discharge diagnosis of COPD, 2) an ED visit with a primary diagnosis of COPD, or 3) a physician visit with a primary diagnosis of COPD and prescription fill for an OCS or antibiotic within 5 days. Multiple exacerbations occurring within a single 14-day period were counted as one event. 18 When multiple exacerbations occurred, a hierarchy was used to assign the encounter type as follows: hospitalization, ED visit, and physician visit + prescription. Components of COPD-related medical costs included hospitalizations, ED visits, physician visits, laboratory, radiology, and other outpatient services. Other services included, but were not limited to, anesthesia, miscellaneous surgical procedures, lesion removal, ambulance services, parenteral nutrition, and use of catheters.
statistical analyses
Inferential statistics were used to compare patient characteristics between the study cohorts at baseline, including Student's t-tests for continuous variables and chi-square tests for categorical variables.
Post-index COPD-related costs were analyzed using multivariable semilog ordinary least squares (OLS) models based on data distribution diagnostics, 19 with a smearing factor adjustment. 20 For the total and prescription costs, a one-part semilog OLS analysis was used. For the medical costs, a two-part model was used, comprising a logistic regression model to obtain the probability of incurring nonzero costs, followed by a semilog OLS model for all patients with nonzero costs. Individual components of the overall medical costs were analyzed using a similar two-part generalized linear model.
Bootstrap methods were used to obtain 95% confidence intervals (CIs) for the estimates of the differences in mean adjusted costs for both primary and secondary end points. Bootstrap samples (1,000 iterations) of the same size as the analytic dataset were created and the models run (reestimating the coefficients for all independent variables at each iteration). The percentile method was used to compute the 95% CIs, and if the estimated 95% CI for the difference in costs did not contain 0 the difference was deemed significant at P,0.050. In addition, differences in primary cost end points (COPD-related total, medical, and pharmacy costs) were assessed at P,0.010 using 99% CIs.
The relative odds ratio for the prompt vs delayed MT cohorts for the odds of having a subsequent COPD exacerbation 
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Coutinho et al was obtained using a multivariable logistic regression model. Incidence rate ratios for the relative difference in the number of COPD exacerbations between the cohorts were obtained using a zero-inflated negative binomial model.
All multivariable models controlled for index exacerbation type and baseline measures of age, sex, region, overall comorbidity, and COPD severity in the pre-index period. Pre-index COPD-related costs were included as a covariate in the cost models. Patient's overall comorbidity burden was assessed using four measures: the Dartmouth-Manitoba adaptation 21 of the Charlson Comorbidity Index (CCI), 22 the number of unique prescription classes and diagnoses, and the presence of specific non-CCI comorbidities in the pre-index period. COPD disease severity was estimated using several proxies: the use of inhaled short-acting muscarinic antagonists, the number of short-acting β 2 agonist canisters, OCS use, antibiotic use, home oxygen therapy use, mechanical ventilation/intubation during hospitalization or ED visit in the pre-index period, the presence of COPD-related exacerbations in the pre-index period, and COPD-related total costs in the pre-index period.
Results
During the enrollment period, there were 64,838 patients with a COPD exacerbation, who received MT within 180 days of that exacerbation. Of those, 6,521 patients met all the study inclusion criteria. The main reasons for the study exclusion were the lack of continuous eligibility during the 1-year pre-index through 1-year post-index period and the receipt of MT in the pre-index period. The final study population consisted of 4,555 (69.9%) patients who received prompt MT and 1,966 (30.1%) who received delayed MT.
More than half of the patients in the final population were female (55.1%) and 53.5% were 65 years of age or older. The CCI was similar between the cohorts, but there were significant differences in the proportions of patients with specific diseases (eg, asthma was significantly higher in the delayed [17.0%] vs the prompt [12.3%] cohorts, P,0.001; Table 1 ). Most of the proxies for COPD severity were greater in the delayed cohort compared with the prompt cohort ( Table 1) .
After adjusting for baseline covariates, post-index COPDrelated costs were significantly lower for the prompt MT cohort (US$3,931, 95% CI: US$1,438-US$11,519) vs the delayed MT cohort (US$4,857, 95% CI: US$1,900-US$13,310; P,0.010). This was mainly due to the difference in mean baseline-adjusted medical costs, which were US$760 lower in the prompt MT cohort than the delayed MT cohort (US$2,327 vs US$3,087; P,0.010). The mean annual adjusted COPD-related prescription costs were also significantly lower for the prompt (US$1,526, 95% CI: US$595-US$4,128) compared with the delayed (US$1,683, 95% CI: US$511-US$4,271; P,0.010) MT cohort ( Figure 2) .
Overall, 31.8% of the study sample had at least one subsequent exacerbation in the 1-year follow-up period. When the timing of MT initiation was compared, the delayed MT cohort had a 68% higher odds of a COPD exacerbation (P,0.001), which was driven mainly by an 80% higher odds of exacerbations requiring an ED visit compared with the prompt MT cohort ( Figure 3A) . The delayed MT cohort also had a 29% higher incidence of any COPD exacerbation type (P=0.001), which was again driven mainly by a 45% higher incidence of exacerbations requiring an ED visit, compared with the prompt MT cohort ( Figure 3B ).
Post-index costs relating to hospitalization were the largest contributor of medical costs, accounting for US$1,280 (95% CI: US$11-US$29,014) within the prompt MT cohort and US$1,564 (95% CI: US$21-US$27,847; P$0.05) of costs for the delayed MT cohort (Figure 4 ). The prompt MT cohort had significantly lower costs relating to ED visits (36.7% lower), physician visits (12.1% lower), and other outpatient services (39.0% lower) compared with the delayed MT cohort (all P,0.050; Figure 4) .
A sensitivity analysis was conducted to determine the robustness of the cohort definitions, where the prompt cohort was defined as the initiation of MT within 15 days of the index exacerbation and the delayed cohort between 16 days and 180 days. The results of this sensitivity analysis were generally consistent with the main analyses, in both direction and magnitude.
Discussion
The initiation of MT within 30 days of a COPD-related exacerbation was associated with a significant reduction in total direct COPD-related costs compared with the delayed MT initiation during the 1-year follow-up period. Significant reductions in both the medical and prescription costs were observed in the prompt vs delayed MT cohorts. Patients in the prompt MT cohort were also less likely to suffer a subsequent exacerbation resulting in hospitalization, an ED visit, or a physician visit plus a prescription within 5 days. This decreased likelihood was mainly driven by the lower odds of an exacerbation resulting in an ED visit.
This study confirms the previous findings by Dalal et al, 14 demonstrating similar trends in total and medical costs, but the numerical differences between the prompt and delayed MT cohorts were much larger in the prior study (differences in both were over US$1,000 14 vs under US$1,000 here). 
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Prompt maintenance treatment initiation following a COPD exacerbation These were the only index exacerbation characteristics (excluding maintenance medication prescribed) with a significant difference between the prompt and delayed MT cohorts; index year (P=0.231) and season of index date (P=0.109) were not significantly different between the two MT cohorts. Abbreviations: CCI, Charlson Comorbidity Index; CVD, cardiovascular disease; eD, emergency department; lrTI, lower respiratory tract infection; MT, maintenance treatment; OCs, oral corticosteroids; saBa, short-acting β 2 agonist; saMa, short-acting anti-muscarinic agent; sD, standard deviation; UrTI, upper respiratory tract infection.
These two studies included different MTs (ICS and ipratropium were not included in this study but were included in the study by Dalal et al 14 ) , which may partially explain the numerical differences reported. The current study therefore confirms the previous findings within a large population with employer-sponsored insurance, as the initiation of MT within 30 days of an exacerbation reduced costs, even with a different assortment of MTs included.
The occurrence of an exacerbation is known to increase the risk of subsequent exacerbations 23 and may also decrease lung function. 24, 25 The results of this real-world claims data analysis are in agreement with clinical trial data demonstrating that MT may reduce the frequency of subsequent exacerbations. 26, 27 Another study also indicated that the early use of MT benefits patients through improvements in their general health status as assessed by the COPD Assessment Test. 28 In combination, these results suggest that the timing of MT initiation is an important consideration to optimize patient outcomes.
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Coutinho et al The most recent GOLD and American College of Chest Physicians/Canadian Thoracic Society (ACCP/CTS) guidelines recommend MT for patients with COPD as it is associated with a reduction in the risk of further exacerbations. 1, 29 Although both the GOLD and ACCP/CTS guidelines have specific recommendations on the use and duration of oral or intravenous systemic steroid treatment after an exacerbation, 1, 29 only the ACCP/CTS guidelines include a specific recommendation on when MT should begin after such an event. 29 This study, in conjunction with that by Dalal et al, 14 suggests that MT initiation within 30 days provides significant benefits to patients (fewer subsequent exacerbations) and payers (reduction in costs).
There is evidence to suggest that MT is underutilized in patients with COPD, 5, 30 as 66%-71% of patients in US health plans receive no MT. 30 Increased awareness of the benefits of MT may help to redress this imbalance and, therefore, improve patient outcomes and the quality of care. The results of this study could provide additional evidence to support the new National Quality Foundation COPD measure, which assesses the number of patients readmitted to hospital in the 30-day post-exacerbation period. 9 Prompt initiation of MT may help hospitals, payers, and providers to improve their performance as assessed by the measure 9 recently implemented by Centers for Medicare and Medicaid Services. 10 The overall impact of prompt MT initiation could ultimately reduce the economic burden of COPD.
Selection bias within the patient cohorts was a potential limitation of this study. Patients within the prompt MT cohort were hypothesized to have more severe COPD vs the delayed MT cohort, as they were treated earlier. However, the delayed MT cohort was found to have more comorbid conditions and more severe COPD than the prompt MT cohort. Instead, this could be explained by "healthy user bias", where patients who have healthier behaviors are more likely to seek preventative care than their counterparts. 31 Although the multivariable analyses included adjustments for these baseline covariates to minimize the effect of this limitation, residual confounding may still be present. An inherent limitation of claims data is the lack of clinical information such as FEV 1 to more precisely control for severity, which led to our proxy measures. Select common comorbidities indicative of severe disease were adjusted for, however this list of comorbidities was not exhaustive. COPD-related medical costs were those reflected on medical claims with a primary diagnosis of COPD. This may have led to an underestimation of COPD-related costs due to the exclusion of costs related to COPD sequelae, eg, pulmonary hypertension. Survival bias may also have been introduced, as patients had to remain within a health care plan, although switching between plans was permitted, for 1-year post-index. A final limitation that should be noted is that indicators for the use of acute-care treatment protocols or medications given to the patient while in the hospital, which could be used differently across the cohorts, are not available in claims data.
Conclusion
Prompt initiation of MT within 30 days following discharge from a COPD-related hospitalization or an ED visit was associated with a significant reduction in adjusted COPD-related costs and odds of subsequent COPD-related exacerbations compared with delayed MT initiation. 
